Fumarate reductase activity of bovine heart succinate-ubiquinone reductase. New assay system and overall properties of the reaction.
A simple system for aerobic assay of the quinol-fumarate reductase reaction catalyzed by purified soluble bovine heart succinate-ubiquinone reductase in the presence of NADH, NAD(P)H-quinone reductase (DT-diaphorase) and an appropriate quinone is described. The reaction is inhibited by carboxin, suggesting that the same quinone/quinol binding site is involved in electron transfer from succinate to ubiquinone and from ubiquinol to fumarate. The kinetic properties of the reaction in both directions and comparative affinities of the substrate binding sites of the enzyme to substrates (products) and competitive inhibitors are reported. Considerable difference in affinity of the substrates binding site to oxaloacetate was demonstrated when the enzyme was assayed in the direct and reverse directions. These results were taken to indicate that the oxidized dicarboxylate-free enzyme is an intermediate during the steady-state succinate-ubiquinone reductase reaction, whereas the reduced dicarboxylate-free enzyme is an intermediate of the steady-state ubiquinol-fumarate reductase reaction. No difference in the reactivity of the substrate-protected cysteine and arginine residues was found when the pseudo-first-order rate constants for N-ethylmaleimide and phenylglyoxal inhibition were determined for oxidized and quinol-reduced enzyme. Quinol-fumarate reductase activity was reconstituted from the soluble succinate dehydrogenase and low-molecular-mass ubiquinone reactivity conferring protein(s). No reduction of cytochrome b was observed in the presence of quinol generating system, whereas S-3 low temperature EPR-detectable iron-sulfur center was completely reduced by quinol under equilibrium (without fumarate) or steady-state (in the presence of fumarate). No significant reduction of ferredoxin type iron-sulfur centers was detected during the steady-state quinol-fumarate oxidoreductase reaction. The data obtained eliminate participation of cytochrome b in the quinol-fumarate reductase reaction and show that the rate limiting step of the overall reaction lies between iron-sulfur center S-3 and lower midpoint potential redox components of the enzyme.